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REJECTING INTERFERENCE FOR SIMULTANEOUS RECEIVED SIGNALS 
BACKGROUND 

5 Today's portable communication products need Radio Frequency (RF) 

integrated circuits that perform well. These products may operate in close 
proximity to one another, making these circuits highly susceptible to disturbance 
through many different coupling mechanisms. To establish a two-way 
□ communication link between these electronic products, the transmit signal should 
l|j be differentiated from the desired signal to be received. Further, new generations 
J: of wireless electronic devices may transmit on the same frequency that the receiver 
r* needs. Under these conditions the operating frequencies may not be separated far 
gi enough apart to prevent interference. A time sharing approach, where only one 
^ radio transmitter operates at a time, may solve the problem of collisions. However, 
1 |f this approach may preclude certain desired modes of operation. 
M To operate these communication products simultaneously, the receiver 

y = should to be presented with an undistorted signal that may be higher in power than 
the interfering signal. Thus, there is a continuing need for better ways to 
differentiate the desired signal to be received and solve the mutual interference 
20 problem in order that the radio transceivers may correctly decode data when 
operating in close proximity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The subject matter regarded as the invention is particularly pointed out and 

distinctly claimed in the concluding portion of the specification. The invention, 
however, both as to organization and method of operation, together with objects, 
features, and advantages thereof, may best be understood by reference to the 
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following detailed description when read with the accompanying drawings in which 

The sole figure is a block representation of a portion of an integrated circuit 
having a transceiver in accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific details are set forth 
in order to provide a thorough understanding of the invention. However, it will be 
understood by those skilled in the art that the present invention may be practiced 
without these specific details. In other instances, well-known methods, 
procedures, components and circuits have not been described in detail so as not to 
obscure the present invention. 

The terms "coupled" and "connected," along with their derivatives, may be 
used in the description and claims. These terms are not intended as synonyms for 
each other. Rather, "connected" may be used to indicate that two or more 
elements are in direct physical or electrical contact with each other. "Coupled" 
may mean that two or more elements are in direct physical or electrical contact. 
However, "coupled" may also mean that two or more elements are not in direct 
contact with each other, but yet still co-operate or interact with each other. 

Unless specifically stated otherwise, as apparent from the following 
discussions, it is appreciated that throughout the specification terms such as 
"modulation," "demodulation," or the like, refer to the action and/or processes of a 
transceiver or radio system, or similar electronic device, that manipulate and/or 
transform signals. Embodiments of the present invention include functional blocks 
arranged in the radio system to perform the operations herein. This radio system 
may be specially constructed for the desired purposes or integrated and embedded 
to operate with other functional blocks. 

It should be understood that embodiments of the present invention may be 
used in a variety of applications. Although the present invention is not limited in 
this respect, the circuits disclosed herein may be used in many communication 
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products such as cell phones, two-way radio communication systems, one-way 
pagers, two-way pagers, personal communication systems (PCS), or the like. The 
architecture presented in the embodiments of the invention may have applications 
to additional products in portable laptop computing, networking, digital camera 
applications, and a wide range of consumer products based on wireless technology 
for instrumentation and automotive. 

Turning to the sole figure, a transceiver 1 0 in accordance with the present 
invention is described. As a portion of a radio system, transceiver 10 may be 
integrated and include, for example, a microprocessor, a Digital Signal Processor 
(DSP), a microcontroller, a Reduced Instruction Set Computing (RISC) processor, or 
an embedded core. It should be understood that only the transceiver portion of the 
integrated circuit is included in the figure. The integrated circuit may also optionally 
include other components such as a memory that may be used to store instructions 
to be executed by the integrated circuit. 

The modulated Radio Frequency (RF) signals received at an antenna 20 
contain information that may be recovered in a receiver 30 of the electronic 
system. A Low Noise Amplifier (LNA) 30 may receive and amplify the incoming 
modulated RF signals. A subtractor circuit 40 may be connected to the output of 
LNA 30. The output signal from subtractor circuit 40 may be passed to RF mixer 
50 along with a generated Local Oscillator (LO) signal. RF mixer 50 may down 
convert the high frequency modulated signal to a lower Intermediate Frequency (IF) 
signal. Thus, the modulated signal and the LO signal may be "mixed" to translate 
the carrier frequency of the modulated signal from the RF range to the IF range. 
The down converted signals may then be amplified by a gain amplifier 60. The 
amplified signal may be converted by an Analog-to-Digital Converter (ADC) 80 from 
analog signals to a digital value that is proportional to the input value of the analog 
signals. The digital values following the Bluetooth Special Interest Group (Bluetooth 
SIG) specification may be processed in the remaining portion of a Bluetooth receiver 
90 and the digital signals following the Institute of Electrical and Electronics 
Engineers (IEEE) 802.1 1b specification may be processed in the remaining portion 
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of an 802.1 1b receiver 100. Receiver 90 may include channel filters, a 
demodulator and circuits for other baseband processing for Bluetooth and receiver 
100 may include channel filters, a demodulator and circuits for other baseband 
processing for IEEE 802.1 1b. 

A transmitter 230 of transceiver 10 may transmit data formatted in 
accordance with the Bluetooth specification as received from TX Bluetooth block 
1 90 or data formatted for the IEEE 802.1 1 b specification as received from TX 
802.1 1b block 200. TX Bluetooth block 190 may provide the baseband processing 
for Bluetooth such as, for example, symbol mapping and modulation, among other 
processing functions. TX 802.1 1b block 200 may provide the 802.1 1 baseband 
processing. Transmitter 230 may use a Digital-to-Analog Converter (DAC) 1 80 to 
generate analog output signals that are proportional to the input value of the digital 
values stored in the register. The analog signal may be provided to a gain amplifier 
1 60. The output signal from gain amplifier 1 60 may be passed to mixer 1 50 along 
with a generated Local Oscillator (LO) signal. Mixer 1 50 may up convert the 
modulated signal to an RF signal. The up converted signals may then be amplified 
by a gain amplifier 140 and passed to antenna 120 for transmission. 

Transceiver 10 includes an adaptive interface cancellation circuit 1 10. 
Cancellation circuit 110 may receive data from receiver 30 and transmitter 230 and 
generate an output signal that may be fed back to subtractor circuit 40. More 
specifically, cancellation circuit 110 may receive the data presented to DAC 180 
and the data generated by ADC 80. The data at the input to DAC 1 80 may be a 
high quality copy of the signal that is being prepared for transmission. The data at 
the output of ADC 80 may be another copy of that transmitted signal as received 
through receiver 30. 

In operation, an electronic device such as transceiver 1 0 may operate 
different protocols and may receive signals whose frequencies periodically overlap, 
in such cases, transmitter 230 may transmit on the same frequency that receiver 
30 or another transceiver is transmitting and a collision may occur. In other words, 
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the electronic device may process signals that overlap when both devices are 
transferring information. Although the scope of the present invention is not limited 
in this respect, one transceiver may be selected to process signals using the 
Institute of Electrical and Electronics Engineers (IEEE) 802.1 1b specification while 
another transceiver may process signals using the Bluetooth specification. Thus, 
the integrated RF front end of the transceiver may simultaneously carry both 
Bluetooth and IEEE 802.1 1b signals. It should be pointed out that two devices, 
one operating with IEEE 802.1 1b and another with Bluetooth radio, may operate in 
common frequency space about 28 percent of the time (79 hopping channels at 
1MHz each divided by 22MHz = 28%). Thus, without adaptive interface, the 
opposing transmitters may have interference about 28 percent of the time. 

By using adaptive cancellation techniques, cancellation circuit 1 10 and 
subtractor 40 cooperate to reduce signal interference. A copy of the signal that is 
being transmitted by transmitter 230 may be subtracted from the signal that 
contains interference being received by receiver 30, allowing receiver 30 to 
generate an undistorted signal that may be higher in power than the interfering 
signal. Thus, a communications circuit having a receiver and a transmitter may 
process a receiver signal with a transmitter signal in cancellation circuit 1 1 0 and 
generate an out-of-phase signal that may be used in the receiver to reduce 
interference. 

Cancellation circuit 110 may process algorithms to remove the interference. 
Thus, the cancellation techniques employed by an embodiment of the present 
invention may be used to mitigate the interference problem. It should be pointed 
out that the interfering signal may be a result of direct coupling between transmit 
antenna 1 20 and receive antenna 20 or may be a result of indirect coupling as the 
transmitted RF signal reflects off nearby objects. For either case, cancellation 
circuit 1 10 may process the interfering signals as propagation rays or delay lines. 
The adaptive canceling process may estimate the delay by correlating the received 
signal with the transmitted signal. A delayed replica signal of the original 
transmitted signal may be generated and injected out-of-phase into the receiver 
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front end to cancel the interference in the received signal. The correct amplitude 
for the canceling signal may be found by either measuring the interference power 
for the ray or by iterating to reduce the interference. 

It is intended that architectural selections within transceiver 10 not limit the 
5 present invention. Examples of the architectural selections include, but are not 
limited by, the specific method of data conversion employed by the DAC and ADC 
and the use and placement of filters in the signal paths of tranceiver 10. More 
specifically, DAC 1 80 may or may not be a folded DAC. Further, the resolution of 
DAC 1 80 and ADC 80 as related to the number of bits, the voltage range, linearity, 
IQj among other performance criteria, are not intended to be limiting. It is further 
J| assumed that the accuracy of matching components within ADC 80 and DAC 1 80, 
| and hence the general accuracy, is adequate for use in transceiver 1 0. 

HI Although filters have not been shown in the figure, it should be understood 

~ that transceiver 1 0 may include filters and the filters may be placed dependent 
1 £ upon the arch 'tecture employed. By way of example, transmitter 230 may include 
m a filter inserted in the signal path between gain amplifier 1 60 and mixer 1 50 and an 
p additional filter inserted between gain amplifier 1 40 and power amplifier 1 30. 
Neither the number of filters nor the placement of filters within transceiver 1 0 is 
intended to be limiting. It should be further understood that the circuits disclosed 
20 herein may use differential signals, quadrature signals or single-ended signals 
without limiting the scope of the invention. 

Transmitter 230 may perform modulation, up-conversion and power 
amplification. Modulation and up-conversion may be performed in two steps in an 
architecture denoted either as dual conversion or two-step conversion (as shown in 
25 the figure). Alternatively, modulation and up-conversion may be performed in one 
step in an architecture denoted as direct conversion. It is intended that either 
architecture, i.e., the one-step or two-step, be covered by embodiments of this 
invention. 
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Another architecture choice is the design of one antenna or two antenna in 
transceiver 10. The figure depicts a two antenna architecture choice with one 
antenna placed in the receiver portion and another antenna placed in the transmitter 
portion. The two antenna may be placed orthogonal to one another to improve 
interference cancellation and meet a Carrier to Interferer (C/l) diversity testing 
design criteria. The two properly located antenna may improve the usable range of 
a transceiver system and allow communication through antenna diversity. 
However, the use of one switched antenna or multiple antenna is an architecture 
choice that does not limit the present invention. 

By now it should be appreciated that a transceiver has been presented that 
uses an adaptive interface cancellation circuit to generate a delayed replica signal of 
the original transmitted signal. A subtractor circuit may inject an out-of-phase 
signal into the receiver front end to cancel the interference in the received signal. 
While certain features of the invention have been illustrated and described herein, 
many modifications, substitutions, changes, and equivalents will now occur to 
those skilled in the art. It is, therefore, to be understood that the appended claims 
are intended to cover all such modifications and changes as fall within the true 
spirit of the invention. 
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